ABSTRACT
INTRODUCTION
The small g a l a x y g r o u p s , c o n t a i n i n g from 3 t o 10 membe r s , a r e widespread i n t h e m e t a g a l a c t i c f i e l d . T h e r e f o r e a s t u d y of t h e i r d y n a m i c a l s t a t e s and p o s s i b l e dynamical e v o l ut i o n s h a s some cosmogonic i n t e r e s t .
One of t h e most i n f o r m a t i v e c h a r a c t e r i s t i c s of d y n a m ic a l s t a t e s of t h e small g a l a x y g r o u p s i s a v i r i a l c o e f f i c i e n t k = T / | u | where T and U a r e t h e k i n e t i c and p o t e n t i a l e n e r g i e s c o r r e sp o n d i n g l y . An s p e c i a l r o l e of t h i s e n e r g e t i c c h a r a c t e r i s t i c s i s t h a t i t i s used for the dynamical estimates of t h e masses of galaxy groups (see, e . g . , Heisler e t a l . 1985). On suchl i k e e s t i m a t e s one assumes t h a t k = 1/2, t h a t i s one t h i n k s t h a t t h e v i r i a l theorem i s f u l f i l l e d for every observed group in a l l times.
tbwever, t h e numerical simulations (Anosova e t al.198 9) have shown t h a t the dynamical s t a t e s of t h e galaxy groups change continuously during t h e evolution. Correspondingly, t h e q u a n t i t y k also v a r i e s .
In t h e former work (Anosova et a l . 1990) we have shown t h a t a stochastic dynamical evolut i o n i s t y p i c a l for the t r i p l e g a l a x i e s . Therefore, we would wait t h a t t h e dependences on time of t h e basic dynamical p a r ameters, in p a r t i c u l a r k ( t ) , a r e some random p r o c e s s e s .
An aim of t h i s work i s to study of t h e behaviour of t h e dependence k (t) a s a random process and an establishment of i t s possible connections with other dynamical and configurat i o n a l c h a r a c t e r i s t i c s of t h e t r i p l e systems. An influence to k (t) of a hidden matter d i s t r i b u t e d around a t r i p l e system i s also studied.
MODELS AND METHODS
Dynamical evoluation of t h e system of t h r e e and five g a l a x i e s has been studied by computer simulations (Anosova e t . a l . 1989). The t r i p l e systems with equal-mass components and i n i t i a l zero v e l o c i t i e s have been considered. The i n i t i a l configurations have been assigned inside a region D of a l l p o s s i b l e c o n f i g u r a t i o n s of t h e t i p l e systems by t h e uniform scanning with a step t£, = An = 0.05. For t h e quantuple s y stems a c l o s e pair with a c i r c u l a r o r b i t of r a d i u s 0.01 d (d i s an average s i z e of t h e t i p l e ) has been placed i n t h e c e n t r e of masses of a t r i p l e t .
In a number of models, a t r i p l e system has been sinked in a d i s t r i b u t e d dark matter having a d e n s i t y p r o f i l e (CM w /47rR h ).R~ , R <_ R h , where M. i s a t o t a l hidden mass, placed i n s i d e a sphere with a r a d i u s R n , R i s a d i s t a n c e from t h e c e n t r e of d i s t r i b u t i o n of the hidden matter which coincides with t h e barycentre of a t r i p l e in t = 0. i Ve have ignored a r e v e r s e influence of components of t h e t r i p l e system t o t h e hidden mass and a dynamical f r i c t i o n on i t . Some p o s s i b i l i t y of merging g a l a x i e s has been taken into account, a c r i t e r i o n by Roos and Norman (197 9) for merging has been used.
The equations of motion of the N-body problem with a "softened" p o t e n t i a l of i n t e r a c t i o n between t h e bodies have been i n t e g r a t e d by t h e RK4 i n t e g r a t o r .
RESULTS
The dynamical s t a t e of t h e small m u l t i p l e system connected by g r a v i t a t i o n changes i n time continuously. Often some temporary binary subsystems a r e formed which give an e s s e n t i a l c o n t r i b u t i o n to t h e t o t a l energy of t h e N-body system. In t h i s connection we a r e i n t e r e s t e d to follow a v a r i a t i o n k (t) v e r s u s time for t h e i s o l a t e d b i n a r i e s having t h e d i f f e r e n t e c c e n t r ic i t i e s e of t h e o r b i t s .
These dependences a r e presented in F i g . 1 for e = 0, 0 . 1 , 0.5, 0.9. The dependences k (t) have the periodical o s c i l l a tions with an amplitude Ak = e and a period equal to the one of r e v o l u t i o n of t h e binary. An average for a period q u a n t i t y i s equal to k~ = 1/2 -e 2 / 4 ; t h u s the dependence k ( t ) for t h e isolated binary system i s a strongly p e r i o d i c a l , non-random process.
A c h a r a c t e r of t h i s process k (t) apparently changes when we consider the t r i p l e systems. The examples in F i g s . 2,3 show t h i s . In t h e s e f i g u r e s t h e dependences k ( t ) a r e presented within the i n t e r v a l t e [ 0 , 1 0 ] T (T i s a crossing time for the t r i p l e system). The q u a n t i t y k has t h e o s c i l l a t i o n s within the i n t e r v a l k e [ 0 . 0 2 , 0 . 9 9 ] . Such o s c i l l a t i o n s in F i g . 2 have no any p e r i o d i c a l c h a r a c t e r . In F i g . 3 we observe a s a non-periodical behaviour of k ( t ) during t h e e a r l y s t a g e s of evolution of t h e system t e [ 0 , 5 ] j , a s a q u a s i p e r i o d i c a l o sc i l l a t i o n s k within t h e l a t e r i n t e r v a l t £ [ 5 , 1 0 ] T . Such a type of behaviour i s connected with formation of a temporary binary subsystem having a negative t o t a l energy. The strong negative c o r r e l a t i o n between k and r . (a minimum separation between t h e components in t r i p l e system^ does also confirm t h i s : t h e c o e f f i c i e n t of c o r r e l a t i o n p = -0 . 9 . The dependences r -i n^t ) a r e shown in t h e lower p a r t s of F i g . 2 , 3 . In order to study a degree of determinism of t h e process k ( t ) we have driven t h e a u t o c o r r e l a t i o n functions y ( t ' ) for i t . The funct i o n s y (t * ) for t h e example shown in F i g . 3 a r e presented in Fig. 4 . One can observe in t h i s figure an abatement of Y ( t ' ) upto zero during a time of t ' = (0.3-1 )T. However, in further the function Y (t' ) i s not nearby t o zero and i t has some o sc i l l a t i o n s having a s i g n i f i c a n t amplitude. These o s c i l l a t i o n s may speak about a q u a s i p e r i o d i c a l behaviour k ( t ) connected with a presence in t h e systems of some temporary p a i r s having the energy E < 0. An a n a l y s i s of spectral d e n s i t y G (w) for t h i s example has been made. The maxima of s p e c t r a l d e n s i t y correspond to t h e periods m u l t i p l e to the pair one. Such a behaviour i s t y p i c a l for the models under consideration of the isolated galaxy t r i p l e s , t h a t i s , t h e process k ( t ) i s no t r u l y random one, and i t has r a t h e r quasiperiodical c h a r a c t e r .
When t h e m u l t i p l i c i t y of a system i n c r e a s e s from N = 3 to N = 5, a degree of randomnessof the process k ( t ) grows t h a t i s demonstrated by F i g . 5 where the notationsare the same as in F i g s . 2 , 3 .
We a l s o study an influence to the behaviour k (t) from the d i s t r i b u t e d dark mass M. , in which the t r i p l e system was sinked i n i t i a l l y . The q u a n t i t i e s M h and R h were t h e model parameters; t h e v a l u e s a r e the following: Hu = 25,50,100,200m (m is the mass of one of components of t h e t r i p l e ) ; R^ = 5,10, 15,20 d. A few examples of dependences k (t) and r . (t) for d i f f e r e n t M. on R. = 10 d within the i n t e r v a l t e (0, 5)x a r e n n shown in F i g s . 6 T 8 . The i n i t i a l configuration of a t r i p l e was the same for a l l examples: £ = 0 . 1 , n = 0 . 5 . As we have ignored an r e v e r s e influence by bodies to t h e hidden mass,the v alue k for a t r i p l e may be more than 1 .
The F i g s . 6-8 show t h a t a character of t h e process k ( t ) v a r i e s with increasing of M^: i t i s more f a s t -v a r i a b l e , a degr e e of i t s randomization i n c r e a s e s . A p i c t u r e of the dependence k ( t ) for M n = 200 i s similar to the one for t h e 5-body systems. A sign of the c o r r e l a t i o n c o e f f i c i e n t between k and r_-i~ i s the same (negative) for t h e systems with hidden mass mm but i t s value p in module i s e s s e n t i a l l y decreasing: from p = 0.95 for M h = 0 to p = -014 5 for M h = 2 00 on these i n i ti a l c o n d i t i o n s . If Fig 6 (Mu = 0) shows a strong c o r r e l a t i o n then already for M n = 25 (Fig. 7 ) t h i s connection i s essent i a l l y weaker, e.g.> a region of the quasiperiodical v a r i at i o n of k ( t ) in F i g . 7 t e ( 3 , 5 ) T does not correspond to such l i k e behaviour of r . . That i s in t h i s case, a presence in t h e t r i p l e s of the c l o s e binary subsystems a s well a s of the double encounters not the only factor determining t h e evolution. Other important factor i s the hidden mass t h a t leads to a s t o c h a s t i z a t i o n of t h e dynamics of t h e t r i p l e s y stems (Anosova e t a l . 1990).
During t h e evolution of the systems in a l l cases under c o n s i d e r a t i o n the amplitude of o s c i l l a t i o n s k ( t ) h a s no tendency of decreasing (as with a dark matter or without i t ) . So l a r g e amplitude of o s c i l l a t i o n s i n d i c a t e s t h a t use of the v i r i a l theorem i n order to estimate t h e mass of any g a laxy system under study may lead to a p o s s i b l e error in a f a ctor 10 and more even without taking into account some e f f e c t s of p r o j e c t i o n . 
